Regulation of malate dehydrogenases from neonatal, adolescent, and mature rat brain.
Since the malate-aspartate shuttle in brain has been shown to be closely linked to brain energy metabolism and neurotransmitter synthesis, the activity of MDH, one of the enzymes of the malate-aspartate shuttle, was studied in cortical non-synaptic mitochondria (mMDH) and cytosol (cMDH) in 1-4 day, 18-20 day and 7-8 week old rats. The mean mMDH activity (nmol/min/mg protein) was 10,517 +/- 734 (mean +/- SEM), 8,882 +/- 241 and 10,323 +/- 561 and cMDH activity was 2,453 +/- 99, 4,673 +/- 152 and 6,821 +/- 205 in 1-4 day, 18-20 day and 7-8 week old rats, respectively. While cMDH activity increased with age (p < 0.0001), mMDH activity showed no change. This study also determined if endogenous compounds, previously shown to alter malate metabolism, affected MDH activities. Lactate inhibited only cMDH activity, by a competitive mechanism. Oxaloacetate inhibited mMDH by partial non-competitive inhibition and cMDH by competitive inhibition. Alpha-ketoglutarate competitively inhibited both enzymes; however, the inhibition of mMDH activity was more pronounced than that of cMDH activity. Citrate inhibited mMDH via an uncompetitive mechanism and cMDH via a noncompetitive mechanism. The mechanisms of inhibition of mMDH and cMDH by each of the effectors were the same over the three ages. The results suggest mMDH and cMDH activities show a dissimilar developmental pattern and may be regulated differently by endogenous effectors. The greater sensitivity of mMDH, compared to cMDH, to certain effectors may be related to the dual role of mMDH in the tricarboxylic acid cycle and the malate-aspartate shuttle.